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N O T I C E  

This report was prepared as an account of Government-sponaored work. 
Neither the United States nor the National Aeronautics and Space Adminis- 
tration (NASA), nor any person acting on behalf of NASA: 

A) Makes any warranty o r  representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the information 
contained in this report, or that the use of any information, apparatus, 
method, or process disclosed in this report may not infringe privately- 
owned rights; or  

B) Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method or process 
disclosed in this report. .- 

As used above, llperson acting on behalf of NASA" includes any employee or 
contractor of NASA, or employee of such contractor, to the extent that such 
employee or contractor of NASA or employee of such contractor prepares, 
disseminates, or provides access to, any information pursuant to his employ- 
ment or contract with NASA, or his employment with such contractor. 
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FORENORD 

This report describes work accomplished under Contract NAS 3-2540 

during the period June 21, 1963 to September 21, 1963. 

administered by R. T. Begley of the Astronuclear Laboratory, Westinghouse 

Electric Corporation, G. G. Lessmann, project engineer, and D. R. Stoner 

performed the experimental investigations. 

This program is being 

P. E. Moorhead of the Nuclear Power Technology Branch, National 

Aeronautics and Space Administration, is Technical Manager of this program. 
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I. INTRODUCTION 

This i s  the F i r s t  Quarterly Progress Report describing work accomplished 

under Contract NAS 3-2540. 

gorize promising refractory metal alloys on the basis of weldability and long 

time thermal s t ab i l i t y .  

The purpose o f t h i s  program is  t o  evaluate and cata- 

Refractory metal alloys w i l l  be used extensively in advanced space 

e l ec t r i c  power systems f o r  containment of working f lu ids ,  a s  high temperature 

cladding, and f o r  components of turbo-electric power conversion systems such as 

turbine blades, discs, and nozzle vanes. 

cations stems primarily from t h e i r  resistance t o  corrosion by l iqu id  alkali metals 

and retent ion of strength a t  temperatures above 200O0F. 

Their a t t ract iveness  i n  these appli- 

The present generation of refractory metal a l loys was  developed 

primarily f o r  short time aero-space applications. In  contrast, space power 

systems require re l iab le  operation f o r  long time periods. 

systems represent a considerable change i n  emphasis with regard t o  material 

properties, since long time creep strength, thermal s t ab i l i t y ,  and resistance t o  

l iqu id  metal corrosion are  the major alloy selection c r i t e r i a  i n  t h i s  application. 

Because the currently available refractory metal a l loys were developed la rge ly  

f o r  short  time applications, much additional data must be generated and evaluated 

before a l loys  a re  chosen f o r  space power systems. 

Thus, space power 

I n i t i a l l y ,  a general evaluation of the available alloys is  being 

undertaken by the National Aeronautics and Space Administration t o  ident i fy  those 

materials which are  most promising with respect t o  long time properties. 

weldabili ty and thermal s t a b i l i t y  studies discussed i n  t h i s  report  represent one 

phase of t h i s  effor t .  

current corrosion and creep tes t ing  programs. 

The 

The overall  program is very extensive and includes con- 
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Weldability is particularly critical in the space power application 

because of the anticipated structural complexity of these systems, and also 

because welding is essential in fabrication to provide tight, trouble free joints. 

Thermal stability is obviously important in long time applications and is 

closely related to welding since it is in the weld metal and adjacent thermally 

distrubed base metal that damaging instabilities are most likely to occur. 

Hence, both the welding and thermal stability phases of this evaluation effort 

have been combined into one program. 

2 



11. PROGRAM SCOPE 

The objective of t h i s  program i s  t o  determine the weldability and 

long-time elevated temperature s t a b i l i t y  of promising refractory metal al loys 

in order t o  determine those most suitable for  use in advanced alkali-metal 

space electric-power systems. 

A chronological outl ine of t h i s  study is  shown in Figure 1, while 

those al loys t o  be included in the investigation are  l i s t e d  i n  Table I. 

Each a l loy  w i l l  receive essent ia l ly  the same evaluation. Alloys 

w i l l  be tes ted  in the form of 0.035 inch sheet and 0.375 inch plate. 

Re a l loy  w i l l ,  however, be evaluated only in  sheet form. 

a rc  welding and electron beam welding processes w i l l  be used. 

automatic a r c  welding w i l l  be employed. 

The W-25;% 

The ine r t  gas shielded 

Both manual and 

Weldability t e s t s  to be employed i n  t h i s  program were chosen on the 

basis of known responses of refractory metal a l loys t o  welding and should provide 

a f a i r l y  broad base f o r  a l loy  comparison. This e f fo r t  w i l l  provide the following 

information : 

1. 

2. 

3 .  

4. 

A measure of a l loy  weld hot t ea r  sensi t ivi ty .  

The degree of impairment of a l loy duc t i l i t y  resul t ing from welding. 

A rough delineation of change i n  weldability with section size.  

The range of weld metal properties obtainable through var ia t ion 

i n  welding parameters and processes. 

Extent t o  which base metal properties can be recovered by post 

weld annealing. 

5. 

Ehphasis in t h e  thermal s t ab i l i t y  phase of t h i s  program w i l l  be directed 

towards identifying primarily those s t ructural  i n s t a b i l i t i e s  which r e su l t  in impair- 

ment of a l l o y  duc t i l i ty .  Screening w i l l  be conducted f irst  f o r  short  time (two hours) 

3 
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OPTIMIZATION OF WELD 
PARAMETERS AND POST 

WELD ANNEALS - 

DETERMINATION OF WELD 

w 

PRELIMINARY SCREEN IN G FOR 

I I 

ELECTRON BEAM 
WELDING 

ETED TEMPERATURE STABILITY I 

I 

WELD PREPARATION USING OPTIMIZED PARAMETERS 
AND POST WELD ANNEALS 

AGING 

TEMPERATURE RANGE - 150OoF TO 320OoF 
TIME - TO 10,000 HOURS 

EVA L UA T I 0 N 

FIGURE 1 Chronological Program Outline 
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Alloy 

AS-55 

B-66 

C-129Y 

cb-752 

D-43 

FS-85 

SCb-291 

T-111 

T-222 

Ta-1OW 

W-25 Re 
W 

Nominal Composition 
Weight Percent 

Cb-5W-1Zr-0,2Y-OolC 

Cb-SMo-5V-lZr 

Cb-1OW-1OHf + Y 
Cb-1OW-2 5 Zr 

Cb-10W-lZr-O.lC 

Cb-27Ta-lOW-lZr 

Cb-1OW-1OTa 

Ta-8W-2Hf 

Ta-906W-2,4Hf-0001C 

Ta-1OW 

W-25 Re 
Pure W 
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ef fec ts ,  and f i n a l l y  f o r  extended periods of up t o  10,000 hours duration. Tempera- 

tures  a s  high a s  3200°F w i l l  be employed. The primary objectives in t h i s  phase 

a re  : 

1. 

2. 

3 .  

k .  

Identify short  time thermal e f fec ts  which e i the r  degrade or  improve 

a l loy  weld properties. 

Screen alloys f o r  impairment of properties with aging f o r  extended 

periods of 100 t o  10,000 hours. 

Identify post weld anneals useful in conditioning alloys f o r  long 

time high temperature exposure. 

Identify causes a s  well a s  e f f ec t s  i n  observing a l loy  i n s t a b i l i t i e s  

so tha t  r e su l t s  of t h i s  investigation a re  useful in predicting a l loy  

behavior i n  varied applications. 

Process and test  controls t o  be employed throughout t h i s  program 

emphasize the important influence of the i n t e r s t i t i a l  elements, carbon, oxygen, 

and nitrogen, on the properties of refractory metals and t h e i r  alloys.  

though in te rs t i t i a l - so lu te  reactions provide effect ive strengthening i n  these 

al loys , unintentional contamination during processing and/or welding has a potent 

e f fec t  i n  degrading properties. Since the i n t e r s t i t i a l  elements react readi ly  

with refractory metals a t  elevated temperatures, atmosphere contamination must 

be carefully controlled during welding and aging. 

required. 

phere. 

backfil l ing.  

studies w i l l  be conducted i n  furnaces employing hydrocarbon f r ee  pumping systems 

providing a pressure l e s s  than 10 

w i l l  be provided by chemical sampling following successive stages of the evaluation. 

Even 

Stringent t e s t  procedures a re  

Arc welding w i l l  be conducted in a continuously monitored i n e r t  atmos- 

The vacuum purged weld box w i l l  be pumped t o  l e s s  than 

Electron beam welding w i l l  be conducted below 10 

t o r r  before 

t o r r  and aging -6 

-8 t o r r .  Verification of the process controls 
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The general program outline, as shown in Figure 1, will be followed. 

The welding study consists essentially in the determination of alloy hot tear 

sensitivity, optimization of weld parameters 

to weld ductility, as determined by bend testing, and screening for short time 

(100 hours) thermal instability of the type which occurs in columbium-l$ 

and post weld anneals with respect 

I zirconium welds. 
I 

The elevated temperature stability effort consists essentially of 
1 

I preparing weld specimens using opthized weld parameters and post weld anneals, 

aging for extended periods at high temperature, and testing, 

be conducted for periods of 100, 1000, 5000, and 10,000 hours at temperatures 

between 1500°F and 3200'F. Evaluation following aging will consist primarily 

of bend testing and room and elevated temperature tensile testing. 

mechanical testing w i l l  be complemented by optical and electron metallography 

and chemistry. 

Aging tests wKLl  

I 

I 
I 
I 

The 

~ 

I 

t 
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111. SUMMARY OF WORK DONE 

Seven columbium base alloys,  three tantalum base alloys,  W-25 Re, and 

pure tungsten have been selected i n i t i a l l y  f o r  evaluation. These are  l i s t e d  i n  

Table I. A l l  alloys are  being procured i n  the same s izes  and quant i t ies  i n  the 

form of 0.035 inch thick sheet, 0.375 inch thick plate,  and 0.082 inch diameter 

wire, except f o r  the W-25 Re which w i l l  not be procured i n  the plate  o r  wire. 

Specifications were prepared f o r  the alloys included i n  t h i s  program. 

One specification covers the tantalum base alloys and one covers the columbium 

base alloys.  A separate specification w i l l  be writ ten f o r  tungsten and tungsten 

base alloys.  Mechanical and physical property l imitat ions were not imposed since 

material i s  being procured f o r  evaluation only and not f o r  specif ic  applications. 

Available manufacturers specifications a s  well  a s  procurement specifications were 

referenced on purchase orders t o  assure compliance w i t h  vendors advertised standards. 

Follow-up questionnaires were prepared and have been sent t o  suppliers i n  an 

e f f o r t  t o  obtain as much specific background information as possible. 

with more information available on the s t a r t i ng  material, more comprehensive and 

accurate analysis of r e su l t s  can be made. 

Obviously, 

Order placement and delivery s ta tus  f o r  the al loys a re  shown in Table 11. 

Orders have been placed on a l l  a l loys except AS-55, quoted on a best e f f o r t  basis 

only, W and W-25 Re. 

preliminarywelding evaluation of pure tungsten is being undertaken. 

sheet samples have been requested from several suppliers. 

furnishing sheet converted from arc  cast  tungsten, and the others are supplying 

powder metallurgy sheet. 

soundness, particularly freedom from porosity. Based upon these results, material  

w i l l  be ordered f o r  complete evaluation. 

A t  the direction of the NASA Technical Manager, a l imited 

Tungsten 

Two suppliers a re  

This material w i l l  be welded and inspected fo r  weld 
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A compilation of available background material  on the various al loys 

w a s  in i t ia ted .  

As indicated above, very limited long time data a re  available. 

of short time properties f o r  columbium has been reported elsewhere(15), and a 

brief summary of t ens i l e  properties f o r  a11 al loys are included in t h i s  report. 

This e f fo r t  w i l l  natural ly  continue throughout the program. 

A comparison 

A summary of bend duc t i l i t y  t e s t  r e su l t s  i s  also included in t h i s  

report. This compilation is of par t icular  i n t e re s t  since bend tes t ing  w i l l  

be used extensively i n  t h i s  program t o  evaluate the e f f ec t s  of both welding 

and aging. The bend t e s t  i s  technically a f a i r l y  complex t e s t  f o r  which no 

one procedure has yet gained suff ic ient  industry wide acceptance t o  be con- 

sidered a standard t e s t .  Consequently, comparable quantitative r e su l t s  a re  

obtained only by tes t ing  alloys a t  one f a c i l i t y .  

comparison between alloys based on available data appears reasonable and i s  

included in t h i s  report. 

However, a f a i r l y  qual i ta t ive 

The tungsten a rc  and electron beam welding equipment were checked 

out. 

-6, and B-33 (Cb-5V) alloys by both welding processes. 

Satisfactory welds were produced i n  sheet samples of the T - l l l ,  T-222, 

Design of tooling including special  water cooled welding torches, 

improved clampdown f ixtures ,  traversing tables ,  and bend t e s t  equipment w a s  

completed and tooling fabricat ion was in i t ia ted .  

ing equipment has been procured and a cal ibrat ion and sampling manifold was  

Weld box atmosphere monitor- 

10 



IV, TECHNICAL PROGRAM 

A. ALLOY PROCUREXENT AND EVALUATION: only l imited quant i t ies  of the 

material required f o r  t h i s  program have been received. 

t h i s  evaluation are  essent ia l ly  special  order, non-stocked items, which, with a 

few exceptions, are  not yet used extensively i n  hardware applications. 

resu l t ,  procurement lead-time f o r  these alloys i s  f a i r l y  long as shown i n  Table 

11. A n  additional consequence of t h i s  si tuation is  t h a t  data normally required 

f o r  preparation of t i gh t  specifications does not ex is t .  The procurement speci- 

f icat ions,  included i n  Appendix A,  re f lec t  t h i s  l imitat ion as would reasonably 

be expected. 

primarily towards assuring compliance w i t h  good standards of' quali ty,  and, f o r  

the majority of a l loys which a re  considered more o r  l e s s  commercial, towards 

obtaining material  representative of current practice. 

The a l loys  included in  

A s  a 

Specifications were prepared which were therefore directed 

h addition, a questionnaire and cover l e t t e r  has been sent each 

supplier which br ie f ly  describes our requirements i n  t h i s  program, and which 

a l so  s o l i c i t s  available information on material furnished f o r  t h i s  program, 

This questionnaire and cover l e t t e r  are included in Appendix B. 

Minimum heat s izes  for  the various al loys a re  called out in the pur- 

chase specifications while a minimum sheet s ize  of 12 inches x 24 inches and p la te  

s ize  of 6 inches x 12 inches are called out on the respective purchase orders, 

Chemistry limits included i n  the specifications where furnished by the manu- 

facturers.  

a l loys with respect t o  i n t e r s t i t i a l  element contents, which probably must be 

kept considerably lower than the maximum levels specified,  

the chemistry l imitat ions more clearly, the specifications require tha t  the analyses 

These do not appear t o  be particularly reasonable f o r  the columbium 

In an ef for t  t o  define 

11 



of the f ive  ingots prior t o  the one from which material f o r  t h i s  program was 

furnished be reported. 

these were also called out on respective purchase orders. 

proceeds, the specifications w i l l  be improved t o  r e f l ec t  the experience gained 

w i t h  these alloy systems. 

Where vendors furnished manufacturing specifications,  

A s  t h i s  evaluation 

The seven columbium base alloys and three tantalum base al loys 

presently included in t h i s  program are  l i s t e d ,  with nominal compositions, i n  

Table I. 

SCb-291 and Ta-1OW are  sol id  solution strengthened alloys.  

e i the r  of the reactive elements zirconium or  hafnium, without intent ional  in te r -  

s t i t i a l  additions, a l so  r e l y  primarily on so l id  solution strengthening even 

though some dispersion strengthening may be realized. 

C-129Y, Cb-752, FS-85, and T-111. 

def in i te ly  re ly  upon dispersion strengthening as  well  as sol id  solution strength- 

ening. 

Pure tungsten i s  a l so  included i n  t h i s  program. O f  these alloys,  

Alloys containing 

This group included B-66, 

The remaining al loys AS-55, D-43, and T-222 

The selection of alloys f o r  t h i s  program was based on creep t e s t s  

conducted a t  the L e w i s  Research Center, the r e su l t s  of which are  as  yet  unpublished. 

To provide a very general comparison between alloys,  reported 2000OF and 24OOOF 

tens i l e  data are  summarized i n  Appendix D. 

specimens and do not therefore necessarily represent the condition f o r  optimum 

strength nor can these data be used as a measure of comparative creep strength. 

Obviously, many factors ,  including t e s t  var iab i l i ty ,  a f fec t  t ens i l e  values 

obtained. 

ably and t h i s  data is therefore presented only f o r  general in te res t .  

The data shown are  f o r  recrystal l ized 

Hence, the order i n  which these al loys a re  l i s t e d  can change consider- 

The tantalum base al loys obviously suffer a disadvantage because of t h e i r  

12 



high density. 

columbium alloys.  

columbium a l loys  has been made by White and Cortez. 

However, t h e i r  fabr icabi l i ty  i s  generally superior t o  t h a t  ~f 

A recent and more complete comparison of properties of 

(15 1 

Bend t e s t  r e s u l t s  f o r  the alloys are summarized in Figure 2, A con- 

This r e s u l t s  from the  siderable spread i n  values f o r  most alloys i s  apparent. 

multitudinous t e s t  procedures employed, the var ia t ion i n  base metal conditions, 

"bl.l*tiO~ - 

t e s t s ,  var ia t ion i n  welding parameters and processes., 

vague and incomparable, i s  of par t icular  in te res t  i n  t h i s  program since bend 

t e s t ing  w i l l  be used extensively as  an evaluation technique, 

bend tes t  data has been recorded i n  de ta i l ,  This information is ineluded i n  

Appendix C on bend tes t  data record forms f o r  each al loy.  

references are indicated as w e l l  a s  t e s t  resul ts .  

of the  present program, a detai led discussion and comparison of the bend d u c t i l i t y  

of the  various a l loys  w i l l  be deferred u n t i l  addi t ional  data have been generated. 

Mechanical t e s t  procedure requirements for  bend t e s t ing  a s  established by the 

Materials Advisory Board w i l l  be adhered t o  in the conduct of t h i s  program, 

. .  . .  Literi;retati=r, =f resclts, &?d ais=, Ly t he  case =f - . v e l A  m-+.-.l A G I U  Y l F i V E L l  

This information, however 

Hence, reported 

Test CQnditiQnS and 

In  view of the ea r ly  stage 

B. WELDING STUDIES: For t h e  most p a r t  the  0,035 inch sheet w i l l  be but t  

welded automatically using the tungsten arc and electron beam welding pyocesses., 

Sheet w i l l  be welded without the addition of f i l l e r  metal. The 0.375 inch p la te  

w i l l  be welded manually using the  tungsten a rc  welding process with the addition 

of f i l l e r  metal. 

The pr incipal  means of weld evaluation i n  t h i s  program w i l l  be by bend 

t e s t ing  over a temperature range t o  identify e f f ec t s  of welding and aging on the 

bend duct i le- to-br i t t le  t rans i t ion  temperature, 

complemented by metallography, hardness measurements, t ens i l e  tes t ing ,  chemical 

m,alyses and electron fractography t o  assist i n  ident i fying the underlyiag metall- 

u rg ica l  reactions.  

This e f f o r t  w i l l  na tura l ly  be 

13 
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High restraint patch tests in both sheet and plate material will be 

used for determining alloy weldability as measured by weld hot tear sensitivity. 

These tests are fairly common, and particularly in thin gages are generally 

more discriminating than butt ~ e l d s ( l ~ 9 ~ ~ ) ~  

are shown in Figures 3 and 4. 

Figure 5 .  A s  can be seen, the sheet is heavily distorted, demonstpating the 

the severity of weld shrinkage stresses realized in this test. 

and plate patch tests are made manually. 

Specimen designs for these tests 

A typical bead-on-plate patch test is shown in 

Both the sheet 

Welding data on refractory metal alloys has shown that weld parameters 

have a pronounced effect on as-welded bend ductility(27), and that bend ductility 

is an excellent criterion for assessing alloy t h e m 1  stability. 

point for this program, welding parameters will be evaluated over a practical 

range of values and optimized with respect to as-welded ductility. Hence, all 

consequent aging studies can be conducted on welds produced initially with the 

best as-welded ductility. 

possible, and extreme care w i l l  be exercised in maintaining consistent welding 

conditions. 

A s  a starting 

Welding parameters w i l l  be varied individually where 

This is very important since co-incidental effects could cancel 

one another as determined in post-weld testing. 

proved sensitive to unit weld length heat input rather than merely welding speed, 

effects could easily be cancelled by lowering the coolhg rate (ioeo vary the 

hold down and clamping arrangement) simultaneous with. increased welding speed, 

Obviously the inter-relationship between weld parameters and metallurgical 

effects is extremely complex, and it will be essential to emphasize the most 

important. 

meters for several of the refractory metal alloy systems and results of these 

investigations will be incorporated into this effort. 

A s  an example, if an alloy 

Published information does exist on the effects of variation of para- 

Choosing reasonable ranges for variation of welding parameters in 



L2" TO 3" DIAMETER CIRCLE A N D  CROSS 
WELDED IN SHEET. NO FILLER WIRE USED. 

FIGURE 3 Bead-on-Plate Restraint  Patch Test Design f o r  Sheet h t e r i a l  
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FIGURE 4 Circular Groove Weld Restraint Test Specimen f o r  Plate Material 
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DX 601 

FIGURE 5 Typical Bead-on-Plate Patch Test i n  Heat 
DX-601 of B-66 Alloy. O.6X 
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tungsten a rc  welding should present no particular problems since there i s  

presently considerable published information available. On the other hand, 

welding parameters f o r  high voltage electron beam welding of the refractory 

metal a l loys a re  not par t icular ly  well established and more discrimination w i l l  

be required i n  t h i s  phase. 

Preliminary electron beam welding of available sample material of 

B-66, T-222, and B-33 (Cb-5V) was undertaken employing the 2KVA welder described 

l a t e r  i n  t h i s  report. 

ranges. 

evaluated f o r  weld penetration. 

were accelerating voltage (KV),  beam current (millfamps), and welding speed. 

eliminate va r i ab i l i t y  i n  the electron beam spot size,  the beam was focused t o  the 

smallest spot diameter (approximately 0.010 inch) a f t e r  each change of e i the r  

beam accelerating voltage or current. In some instances, however, a defocused 

and wider spot would be desirable. Beam deflection e i the r  pa ra l l e l  o r  perpen- 

dicular  t o  the weld can be introduced a s  an  additional variable i n  t h i s  process. 

Typical weld beads of €3-66 and T-222 are shown i n  Figures 6 and 7. 

This e f f o r t  was aimed a t  establishing weld parameter 

Four different  thicknesses of B-66, one of B-33, and one of T-222 were 

The electron beam welding parameters considered 

To 

Enough weld passes (56 t o t a l )  wePe made on B-66 sheet t o  develop a plot 

of power requirements fo r  penetration depths. 

Figure 8 along with values for  one t h i c h e s s  of B-33 and T-222. 

expressed i n  joules ( w a t t  seconds) per inch, and, as  a comparison, a T I G  but t  weld 

of 0.030 inch thick €3-66 sheet would require about 7000 joules per inch compared 

t o  400 f o r  electron beam welding. 

l e n t  penetration possibly because of i t s  greater thermal conductivity. 

penetration requirements were similar t o  B-33. 

These t e s t s  a re  summarized in 

Power input i s  

B-33 required more power than B-66 f o r  equiva- 

T-222 

Preliminary weld duc t i l i t y  bend t e s t s  of 0.9 T radius were run on three 



FIGURE 6 Electron Beam Weld in T-222, Top View. 7X 

FIGURE 7 Electron Beam Weld in B-66, Top View. 7X 
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samples of electron beam welded B-66 producing 90" duct i le  bends a t  -200°F. 

verse and longitudinal specimens of 0.043 inch sheet were bent a t  10 ipm over a 

1 5  T span. 

deflected 0.048 inch i n  the weld direction. 

Trans- 

Welding parameters were ll0 KV, 6 MA, and 70 ipmwith a focused beam 

C. WELD ATMOSPHERE CONTROL: Because of the marked sens i t i v i ty  of 

refractory metal alloys t o  i n t e r s t i t i a l  contamination, continuous measurement 

and control of welding atmospheres are required t o  assure tha t  t e s t  r e su l t s  

a re  consistant and meaningful. 

during which vacuum monitoring provides a measure of atmosphere purity. 

welding i n  an ine r t  atmosphere however represents a considerably more complex 

monitoring problem. 

This problem i s  minimized i n  electron beam welding 

Arc 

This discussion w i l l  therefore deal wi th  the measures 

being taken t o  monitor the ine r t  gas atmosphere during a rc  welding. 

A l l  TIG welding w i l l  be done in a vacuum purged weld chamber pumped 

t o  below t o r r  before backfilling. Using t h i s  procedure rather  than welding 

i n  a i r  with t r a i l i ng  shields and gas backup, the welding atmosphere i s  eas i ly  

defined and consequently more eas i ly  monitored. Current welding practice usually 

provides an i n i t i a l  high puri ty  welding atmosphere by gas supply analysis and 

chamber evacuation or purging, but a possible degeneration of atmosphere qual i ty  

during welding i s  seldom considered. 

The objective i n  t h i s  program is  t o  provide an ini t ia l  welding atmos- 

phere containing l e s s  than 10 ppm oxygen which w i l l  be monitored during welding 

and held t o  a l eve l  of l e s s  than 30 ppm O2 a t  a l l  times. Oxygen and moisture 

content of the ine r t  welding atmosphere w i l l  be monitored. These were chosen 

primarily because meters f o r  t h i s  function a re  commercially available. It i s  

f e l t ,  however, t h a t  measurement of oxygen and moisture w i l l  in fac t  provide a 

measure of t o t a l  gas impurity levels.  This hypothesis w i l l  be checked by selected 

t o t a l  impurity measurements using mass spectrometer analyses. 
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Liquid electrolyte  oqgen and moisture meters w i l l  be connected 

permanently t o  the system while a so l id  electrolyte oxygen c e l l  may a l so  be 

added. 

t h i s  report. 

These meters a re  described more completely i n  the equipment section of 

A gas sampling analysis and monitoring system has been designed which 

incorporates several important features.  

in Figure9. 

from standardized calibration gases, t o  the weld box, o r  t o  gas supply bot t les  

without ftbreaking" the system t o  a i r ,  Hence, the meters a re  on the l i n e  con- 

tinuously. A nitrogen bot t le  i s  a l so  Connected t o  the manifold f o r  purging the 

gages during down time, keeping them clean during stand-by periods. 

during changeover of supply bot t les  i s  t h i s  system broken, and, because of the 

valving arrangement, t h i s  e f fec t  is  localized. 

A schematic of t h i s  system is  shown 

The manifold design, as  can be seen, permits rapid changeover 

Only 

All bottled gas connected t o  t h i s  system w i l l  be checked pr ior  t o  use 

This has been found necessary since individual bo t t les  in the welding chamber. 

a r e  not furnished with a check analysis except a t  considerable expense, and 

because the high puri ty  bulk gas supply i s  eas i ly  contaminated during t ransfer  

t o  standard delivery bottles.  

d i r ec t ly  i n t o  the welding chamber without breaking any connections. 

Once a bottle has been checked, it can be valved 

Total impurity determinations w i l l  be made periodically so tha t  the 

complete welding atmosphere i s  known. 

uous monitoring apparatus. 

w i l l  be used f o r  t h i s  purpose. 

ear ly  welding runs as  a means of measuring degradation of the atmosphere during 

welding. 

pumping fo r  mass spectrographic analysis. 

This w i l l  be done t o  compliment the contin- 

A 3 l i t e r  sample bot t le  attached t o  the weld chamber 

Samples w i l l  be taken a t  various times during 

Helium samples obtained in t h i s  manner w i l l  be concentrated by cryogenic 

This technique provides a highly accurate 

method of helium analysis (28) . 
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D. ANNEALING AND AGING: The effects  of post weld annealing and long 

time aging w i l l  be evaluated in t h i s  program using high vacuum furnaces. 

have been designed t o  provide a pressure during aging of less than 

t o t a l  contamination pickup is  anticipated t o  be l e s s  than 100 ppm. 

annealing temperatures w i l l  be between 1500OF and 3200OF. 

Furnaces 

t o r r  a d  

Aging and 

Present plans c a l l  

f o r  aging runs of up t o  10,000 hours duration. 

vh- ~ur 'mce  E.----- design is essent ia l ly  complete. The vacuum chamber w i l l  

be bakeable t o  250OC. 

system w i l l  be hydrocarbon free using cryogenic-molecular seive pumping f o r  

roughing and sput ter  ion pumps f o r  high vacuum pumping and system holding. 

Furnace heating w i l l  be accomplished using resistance heated tantalum or  tungsten 

mesh elements having a s p l i t  tube configuration common in high vacuum furnaces. 

A more detai led description of the aging furnaces will be given i n  l a t e r  reports 

in t h i s  program. 

b-1~ mkl-to-metal seals  w i l l  be employed. The pumping 

E. EQUIPMEEJT 

1. Arc Welding: Tungsten arc welding w i l l  be accomplished using a 

three phase, d i rec t  current Vickers 300 ampere welder equipped with a precision 

weld programmer. 

polarity. This welder can be used i n  a fu l ly  automatic mode wi th  synchronous 

motor timers providing accurate sequence programming including hot starts, up 

or  down s t a r t i ng  slopes, and t a i l  slopes. 

controls f o r  manual welding. 

It i s  anticipated t h a t  welding w i l l  be done using only s t ra ight  

The uni t  i s  a l so  equipped with foot  

The Vickers welder, recorders, and vacuum purged weld chambers are  shown 

i n  Figure 10. 

octagonal shaped cross section. 

Overall inside length i s  48 inches, but the design permits the addition of e i the r  

20 inch diameter or  f u l l  chamber s ize  extensions. The pumping system consists of 

The weld chamber i s  of a special design having f la t  s ides  with an 

The inside dimension across f l a t s  i s  4.2 inches. 
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an NRC 10 inch diffusion pump backed i n  ser ies  by a Heraeus roots  blower and 

compound Kinney pump f o r  roughing and holding. 

2. uv'eld Atmosphere Monitors: Gas analysis  equipment which w i l l  be 

used t o  monitor the vacuum purged weld box atmosphere includes the  following: 

(a) A Lockwood and McLorie Model L Trace Oxygen Analyzer. This 

Gxygen i n  the sample stream analyzer i s  based on a simple coulometric process. 

i s  quant i ta t ively reduced by e lec t ro lys i s  in a KOH solut ion according t o  the  

equation 02 + 2 H2 + 4e+4(>H-. The electrolysis  current measured indicates  

the or ig ina l  sample content. 

Hence, the instrument i s  flow ra t e  sensitive, and, addi t ional  ranges of opera- 

t i o n  a re  possible through var ia t ion of flow ra te .  

A l l  t he  oxygen in the gas stream i s  reduced. 

Basically the instrument has a range of 0-2000 ppm 02 with a low scale  

Accuracy i s  reported t o  be 2 5% or  0.1 ppm. range of 0-20 ppm 02. 

s i t i v i ty  is  26.3 microamps per ppm 02 by volume. 

with s e n s i t i v i t y  checking c e l l  as well  as an ana lyzhg ce l l .  

The sen- 

The instrument i s  equipped 

(b) A Consolidated Electrodynamics Corporation Portable Moisture 

Monitor. 

moisture present i s  re la ted  t o  an electrolysis  current. 

tube with two platinum wires, wound in a h e l h ,  composing the  e l ec t ro lys i s  

electrodes. 

(p2O5), a strong dessicant, which becomes e l e c t r i c a l l y  conductive when w e t .  

po ten t ia l  applied t o  the w i r e s  produces a measurable and cal ibrated e l ec t ro lys i s  

current when moisture w e t s  the  P205. 

regenerates the c e l l  permitting it t o  continuously measure a l l  the  moisture in 

the  sample stream. 

In t h i s  un i t  sample gas i s  drawn through a strong dessicant, and 

The c e l l  i s  a g lass  

The space between the wires is coated with phosphorous pentoxide 

A 

Electrolysis of the water continuously 

The range of t h i s  instrument i s  0-1000 ppmwith a low range scale  of 

0-10 ppm. A 63% response t o  a stepwise change i n  e i t h e r  direct ion between 50 and 
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1000 ppmwill occur in 30 seconds or less. 

(c) A Westinghouse Oxygen Gauge. This instrument may be employed 

to compliment the other instruments. 

ating at 1560OF. The sample gas is passed through a ceramic electrolyte tube 

plated with platinum on the inside and outside surfaces. The outside surface 

of the tube is exposed to the atmosphere, providing a constant oxygen partial 

pressure of 0.2 atmosphere. 

surfaces of the tube is proportional to the logarithm of the ratio of oxygen 

This unit uses a solid electrolyte oper- 

The emf generated between the inner and outer 

partial pressures according to the Nernst equation: 

where R is the gas constant, T is the temperature in OK, F is the Faraday con- 

stant, n is the number of electrons transferred in the electrode reaction 

O2 + 4e220=, P 11) is the partial pressure of oxygen in air, and Po 1) is the 

partial pressure of oxygen at the inner electrode. 

tration of 1 to 10 ppm produces the same change in voltage as a change from 100 

to 1000 ppm. 

ppm 02, and rapid response time, 

background in the sample gas generally combines with the available oxygen 

4 1 
A change in oxygen concen- 

The advantage of this instrument is a large range, 1 to 200,000 

seconds (I6). However, a combustible vapor 

throwing the meter off scale. 

(d) The manif old system, combining supply bottle, calibrated 

bottle, and weld box testing as well as weld box backfilling, employs only 

stainless steel tubing and brass valves. 

are employed as much as possible to assure cleanliness. Small diameter tubing 

(0.055 inch I . D . )  to provide a rapid overall system response time, less than 3 

Welded, brazed, or metal-to-metal seals 

seconds fromweld box to meter, and small system surface area is used in the 

sampling system. Response time using I$ inch tubing would be increased to 30 

seconds. 
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Special gaugeless regulators employing s ta in less  s t e e l  diaphragms 

and metal-to-metal sea ls  a re  used on t h e  oxygen doped standard tanks t o  assure 

accurate instrument calibration. 

3.  

is  shown in Figure ll, 

IC) hardened t o  Rc55. 

cryostat fo r  t e s t ing  t o  - > . a - r ,  Figure 22, and a heater  for tzstixg up t o  700°F. 

ktercfizrrieable pimches of vaqring r a d i i  are provided. 

Bend Test Fixtures: An open view of the sheet bend t e s t  f ix ture  

This fixture i s  made en t i r e ly  of A 2  t oo l  s t e e l  (5cr-lMo- 

This unit  i s  equipped with both a l iquid nitrogen 

*en nm 

Larger punches have center holes t o  permit inser t ion of control 

thermocouples which measure the test  temperature a t  the exact tangent point 

between punch and bend specimen. 

the t e s t  span. 

"he specimen supports are adjustable t o  vary 

This un i t  i s  used i n  conjunction w i t h  a 500 lb .  Instron, a 10,000 

lb .  Instron, o r  a 60,000 lb.  Wiedemann Baldwin universal t ens i l e  t e s t ing  

machine having t r ave l  speeds of up t o  20 ipm. 

4. Electron Beam Welding 

(a) Hamilton-Zeiss a e c t r o n  Beam Welder, Model Wl-2. This i s  a 

variable voltage uni t  capable of l50,OOO v o l t s ,  w i t h  a maximum beam current of 

20 ma. 

and can be pulsed t o  3000 cps, or oscil lated t o  60 cps. 

Steigerwald type. 

long working distance (4 inch t o  15 inches), and beam current r i s e  and f a l l  

(slope) control. 

f o r  welding below 

components. 

The beam has fine focus control (0.010 inch diameter of full power), 

The gun i s  of the 

Options incorporated into t h i s  gun include a c i r c l e  generator, 

This  is an integral  unit  and includes a modified vacuum chamber 

t o r r ,  and drive table f k b u r i n g  f o r  traversing weld 

(b) Hamilton-Zeiss Electron Beam Welder, Model WO-2. This i s  a l so  

a variable voltage uni t  capable of operating a t  a mxbmzm of 150,000 volts .  
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FIGURE ll Open View of Bend Test Fixture 
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FIGURE 12 Bend Test Fixture w i t h  Liquid Nitrogen Cryostat 
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Maximum beam current is 13.5 ma and minimum spot s ize  of 0.010 inch diameter, 

w i t h  a power density of 25,000 KW per square inch, 

a c i r c l e  generator. 

This gun does not incorporate 

The gun is  mounted in tegra l ly  w i t h  a vacuum welding chamber. 
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IV. FUTURE WORK 

During the next quarterly per iod most of the material for t h i s  program 

will be received and bSpeCted, and f i n a l  action w i l l  be taken on the al loys 

which have proven d i f f i c u l t  t o  obtain in the l imited quant i t ies  required in t h i s  

program. 

be prepared, and an order w i l l  be placed. 

Init ial  tungsten weld t e s t a  w i l l  be completed, a specification w i l l  

Ftllmw checktiit tf tihe 8pe~: ia l  .weldhig torchee and fkttlres, 

electron beam and tungsten arc  welding studies will be in i t ia ted .  

Monitoring of the vacuum purged weld chamber i n e r t  atmosphere will 

be reduced t o  practice and applicable standard operation procedures w i l l  be 

prepared. 

Review of the aging furnace deeigne w i l l  be completed and furnace 

constmotion w i l l  be in i t ia ted .  
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Westinghouse E l e c t r i c  Corporation 
Astronuclear Laboratory 

P. 0. Box 10864 
Pi t t sburgh ,  Pa. 15236 

(Fed. Ident . Code No. U683) 

PURCHASING DEPARTMENT SPECIFICATION WANL Ta 2-A 
(Not fo r  Publication) 

TENTATIVE SPECIFICATION 
September 3, 1963 

TANTALUM ALLOY SHEET AND PLATE 

1. GENERAL 

1.1 This specification covers commercial tantaium a l loy  sheet and plate, 
intended f o r  s t ruc tura l  fabrication by the  tungsten a rc  and electron 
beam welding processes, and designated as  follows: 

P D Spec 
DesiRnat ion Description 

Ta 2 -1 T - l l l  a l loy sheet and p la te  

Ta 2 -2 Ta-1OW al loy  sheet and pla te  

Ta 2 -3 T-222 Alloy sheet and plate 

Ta 2 -4 

NOTE: Unless otherwise specified, the following requirements appQ t o  
a l l  designations. 

1.2 No change s h a l l  be made i n  the quality of successive shipnents of mate- 
r i a l  furnished under t h i s  specification without first obtaining the  
approval of the  purchaser. 

2. MANUFACTURE 

2.1 PROCESS: Material furnished t o  t h i s  specification s h a l l  be from a com- 
mercial heat of 400 pounds minimum ingot s i ze  produced by t h e  electron 
beam and/or consumable electrode arc m e l t i n g  processes. 

2.2 CONDITION: The manufacturer shall furnish t h e  sheet or p la te  i n  the  
recrystal l ized condition and sha l l  ce r t i fy  as t o  t h a t  condition per t he  
requirements of Section 7. 

Printed i n  U. S. A. P D SPEC Ta 2-A 
Page 1 of 4 Pages 

A - 1  



P D SPEC Ta 2-A 

3. CHEMICAL PROPERTIES AND TESTS 

3.1 CHEMICAL COMPOSITION: The material s h a l l  conform t o  the following 
compo s i t  ion : 

Per  Cent 

Element Ta  2 -1 Ta 2 -2 Ta 2 -3 Ta 2 -4 

Carbon 
w g e n  
Nitrogen 
m o g e n  
Columbium 
Iron 
Molybdenum 
Nickel 
Tungsten 
Hafnium 
Tantalum 

.004 m a x .  

.oo3 max. 

.003 max. 

.0006 m a .  

.loo max. 

.010 max. 

.030 m a x .  

.007 maX. 
7.0 - 9.0 
2.0 - 2.8 
Remainder 

.005 m a .  

.007 max. 

.OOO6 max. 
,100 m a .  
.007 max. 

.007 max. 

.003 m 8 ~ .  

,030 II~LLX. 

8.5 - 11.0 ---- 
Remainder 

0,008 - 0.015 
0.003 max. 
0.003 max. 
0.0006 max. 
0.100 max. 
0.007 max. 

0.007 max. 
9.0 - 10.0 
2.1 - 2.8 
Remainder 

0.030 I-. 

3.2 CHECK ANALYSIS: An analysis of each ingot sha l l  be made by the manufac- 
turer t o  determine the percentages of the elements specified i n  Section 
3.1. 
requirements specified i n  Section 3.1. 
t h a t  the  heat furnished is  i n  f ac t  typ ica l  by reporting the  composition 
of the  f ive  ingots of t h i s  alloy produced jus t  prior t o  the ingot used 
t o  f i l l  t h i s  order. 
3.1 s h a l l  be reported for  each heat. 

The chemical composition thus determined sha l l  conform t o  the  
The manufacturer sha l l  demonstrate 

Percentages of the elements specified in Section 

I. MECHANICAL PROPERTIES AND TESTS 

4.1 BEND TEST: Sheet i n  thicknesses up t o  0.060 inch s h a l l  be capable of 
being bent a full 180" back upon i tself ,  at room temperature, without 
cracking i n  the face of the bend. 

5. DlMENSIONS AND FINISH 

5.1 WORKMANSHIP: Material sha l l  be uniform in qual i ty  and condition, clean, 
sound, smooth, and f ree  from l'oil cansll of depth i n  excess of t h e  flat- 
ness tolerances, ripples, foreign materials, and internal and external 
imperfections detrimental t o  fabrication or performance of the material. 

5.2 SIZE: Where required, minimum sizes w i l l  be specified on the  purchase 
order. 

P D SPEC Ta 2-A 
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5.3 FLATNESS: Flatness tolerance sha l l  not exceed f ive  per cent as deter- 
mined by the  following formula: 

H % Flatness = - x 100 
L 

I A-3 
I 

~ 

Where: H i s  equal t o  the 
surface and the lower surface of the sheet or plate, and L i s  
equal t o  the minimum distance between points of contact of the 
sheet or plate  w i t h  the f l a t  reference surface. 

distance between a f la t  reference 

If a general bow i n  the material can be eliminated by s l igh t  pressure 
without ends coil ing or an Iloil canf1 e f fec t  result ing,  the  material 
w i l l  be accepted. 

6 .  OTHER REQUJREMENTS 

When indicated on purchase orders, requirements not l i s t e d  above or require- 
ments more severe than those l i s t e d  above which are  referenced by a suppl ier ' s  
manufacturing specification w i l l  be adhered to .  

7. TEST FtEPORTS 

The manufacturer sha l l  furnish f ive  copies of a cer t i f ied  t e s t  report show- 
ing the  r e su l t s  of t h e  t e s t s  specified i n  Sections 3, 4, and 5 and bearing 
a statement a s  t o  the condition of the  material as specified i n  Section 2.2. 
The report  s h a l l  show the Purchase Order Number; P D Specification Number 
including dash number and sub l e t t e r ;  Per Cent of the F i n a l  Reduction; 
Temperatures of the Anneals Before and After the  Final Reduction; Dimensions; 
Heat Number; and Name of Manufacturer. 

8. PACKING AND MARKING 

8.1 PACKING: "he sheet o r  plate s h a l l  be packed i n  such a manner a s  t o  
prevent injury during shipnent. 

P D SPEC Ta  2-A 
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8.2 MARKING: Each sheet or plate shal l  be marked showing t h e  P D Specifi- 

The marking shal l  be suff ic iently stable 
cation and Dash Number; Heat Number; Manufacturer I s  Identification; 
Nominal Thickness in Inches. 
t o  withstand ordinary handling. 
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Westinghouse Electr ic  Corporation 
Astronuclear Laboratory 

P. 0. Ebx 10864 
Pittsburgh, Pa. 15236 

(Fed. Ident . Code No. uC683) 

PURCHASING DEPARTMENT SPECIFICATION WANL Cb 1-A 
(Not fo r  Publication) 

TENTATZVE SPEC IFIC AT I O N  
September 3, 1963 

-- COLUMBIUM SHFXT AND PLATE 

1. GENERAL 

1.1 This specification covers commercial columbium alloy sheet and plate, 
intended f o r  s t ruc tura l  fabrication by the  tungsten a rc  and electron 
beam welding processes, and designated as follows: 

P D Spec 
DesiRnation Description 

cb 1-1 

Cb 1-2 

Cb 1 -3 

Cb 1 - 4  

cb 1-5 

cb 1-6 

cb 1-7 

E66 columbium sheet and plate  

D-43 columbium sheet and plate  

FS85 cohmbium sheet and p la te  

Cb 752 columbium sheet and plate  

SCB29l columbium sheet and pla te  

Cl29Ycolumbium sheet and plate  

AS55 columbium sheet and plate  

NOTE: Unless otherwise specified, t h e  following requirements apply t o  
a l l  designations. 

1.2 NO change sha l l  be made in the quality of successive s h i p e n t s  of mate- 
r i a l  furnished under t h i s  specification without f i r s t  obtaining the  
approval of the purchaser. 

2. MANUFACTURE 

2.1 

2.2 

PROCESS: 
mercial heat of 200 pounds minimum ingot s ize  produced by t h e  electron 
beam and/or consumable electrode arc melting processes. 

Material furnished t o  t h i s  specification s h a l l  be from a com- 

CONDITION: 
recrystal l ized condition and sha l l  ce r t i fy  as t o  t h a t  condition per the 
requirements of Section 7. 

The manufacturer sha l l  furnish the sheet or p la te  in  t h e  

Printed i n  U. S. A .  P D SPEC Cb 1-A 
Page 1 of 4 Pages 
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3. C)EMICAL PROF'ERTIES AND TESTS 

3.1 CHEMICAL COMPOSITION: "he materials s h a l l  conform t o  the composition 
specified i n  Table I. 

facturer t o  determine t h e  percentages of the  elements specified in 
Table I. The chemical composition thus determined s h a l l  be reported 
t o  t h e  purchaser and s h a l l  conform t o  the requirements specified in 
Table I. The manufacturer sha l l  demonstrate t h a t  the heat furnished 
is in f ac t  typ ica l  by reporting the composition of the f ive  ingots of 
t h i s  a l loy  produced ju s t  pr ior  t o  the  ingot used t o  f i l l  t h i s  order. 
Percentages of t h e  elements specified i n  Table I s h a l l  be reported 
for each heat. 

3.2 CHECK ANALYSIS: An analysis of each ingot s h a l l  be made by the  manv- 

4. MECHANICAL PROPERTIES AND TESTS 

4.1 BEND TEST: Sheet in  the  thicknesses up t o  0.060 inch s h a l l  be capable 
of being bent a f u l l  180° back upon i t s e l f ,  at  room temperature, with- 
out cracking i n  the  face of the bend. 

4.2 OTHER DUCTILITY: Other duc t i l i t y  requirements sha l l  be as specified 
on the  purchase order. 

5. DMNSIONS AND FINISH 

5.1 WORKMANSHIP: Material s h a l l  be uniform i n  qua l i ty  and condition, clean, 
sound, smooth, and f r ee  from !'oil cans" of depth in excess of t h e  flat- 
ness tolerances, r ipples,  foreign materials, and internal and urtarnal 
imperfections detrimental t o  fabrication or  performance of t h e  material. 

5.2 SIZE: Where required, minimum sizes w i l l  be specified on the  purchase 
order. 

5.3 FLATNESS: Flatness tolerance sha l l  not exceed f ive  per cent as deter- 
mined by t h e  following formula: 

% Flatness = 1 x 100 

+L- 

Where: H i s  equal t o  the maximum distance between a f la t  reference 
surface and the  lower surface of the  sheet or plate, and L is 
equal t o  the  minimum distance between points of contact of the 
sheet or p la te  with t h e  flat reference surface. 

P D SPEC Cb l - A  
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6 .  

7. 

8. 

If a general bow in t h e  material  can be eliminated by s l igh t  pressure 
without ends coil ing or an "oil can" ef fec t  resulting, the  mater ia l  
w i l l  be accepted. 

OTHER R E Q u m s  
When indicated on purchase orders, requirements not l i s t e d  above or require- 
ments more severe than those l i s t e d  above which are referenced by a supplier 's  
manufacturing specification w i l l  be adhered to. 

TEST REPORTS 

The miizckwer ehi i l l  2ai i i sh  five copies or" a certified t e s t  report  show- 
ing the  r e su l t s  of the  t e s t s  specified i n  Sections 3, 4, and 5 and bearing 
a statement as t o  the  condition of the material a s  specified i n  Section 2.2. 
The report  s h a l l  show the  Purchase Order Number; P D Specification Number 
including dash number and sub l e t t e r ;  Per Cent of t h e  Final  Reduction; 
Temperatures of the  Anneals Before and After the Final Reduction; Dimensions; 
Heat Number; and Name of Manufacturer. 

PACKING AND MARKING 

8.1 PACKING: The sheet or  plate  s h a l l  be packed in  such a manner as t o  
prevent i n  jury &wing shipnent . 

8.2 MARKING: Each sheet or plate  sha l l  be marked showing the P D Specifi- 

The marking sha l l  be suf f ic ien t ly  s table  
cat  ion and Dash Number; Heat Number ; Manufacturer a Identification; 
Nominal Thickness i n  Inches. 
t o  withstand ordinary handling. 

P D SPEC Cb 1-A 
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TEXT OF QUESTIONNAIRE COVER LETTER 

SUBJECT Westinghouse Purchase Order 

The B-66 sheet, plate,  and wire requisitioned on our purchase order 
w i l l  be used i n  f u l f i l l i n g  Westinghouse obligations t o  the Space Electr ic  Power 
Office, L e w i s  Research Center, under Contract NAS 3-2540. 
refractory metal alloys which have promfsing properties f o r  applications i n  
space power systems w i l l  be evaluated f o r  weldability and long-time elevated 
temperature s t ab i l i t y .  

In t h i s  program 

In conducting t h i s  evaluation, we f e e l  it is  in the best i n t e re s t  

This  i s  important t o  us since we 
of a l l  par t ies  involved tha t  suppliers of material a re  generally familiar 
w i t h  program objectives and requirements, 
must r e l y  on suppliers t o  provide a high quality representative product, and 
a l so  technical information essent ia l  i n  o w  evaluation and interpretat ion of 
resul ts .  Likewise, we are  sure tha t  your in te res t  in t h i s  program i s  in 
obtaining a fair  evaluation of B-66. 

The welding and t h e m 1  s t ab i l i t y  studies represent two phases of 
a ra ther  extensive materials evaluation being sponsored by NASA. 
objective i s  t o  ident i fy  the most promising alloys for various space power 
systems applications, Mechanical properties, weldability, corrosion resistance, 
and thermal s t a b i l i t y  studies are  included in the overal l  program. 

The ultimate 

The va l id i ty  of the technical evaluation of B-66 in our program i s  
dependent on the qual i ty  of material supplied, and whether or  not it is  in 
f a c t  representative of current manufacturing processes, Naturally, non- 
representative material would seriously compromise our e f for t .  
we must rely en t i r e ly  on your organization since adequate technical data fo r  
preparation of t i gh t  specifications are not available. 
our intention t o  be r e s t r i c t ive  in any sense other t h a n  requiring good quality. 

In t h i s  respect 

In  addition, it is not 

A s  you can well real ize ,  our a b i l i t y  t o  make an adequate evaluation 

We have attached 
w i l l  depend, t o  varying degrees, on the avai labi l i ty  of specif ic  a s  well as 
general background information on the material you furnish. 
a short  questionnaire covering several areas in which specif ic  data on the 
material  being furnished would be helpful, Would you kindly complete t h i s  
questionnaire a s  soon a s  possible following shipment of o w  order. 
our intention, nor do we wish t o  imply, that you should include proprietary 
information. 
appreciated. 

It i s  not 

However, any information which you f e e l  f r e e  t o  provide would be 

Thank you f o r  your a t tent ion in t h i s  matLer. Please f e e l  f r e e  t o  
contact us  should you have any questions. 

B-1 



WESTINGHOUSE ASTRONUCLEAR LABORATORY MATERIALS QUESTIONNAIRE 

Please supply specific information on material furnished except where otherwise 
indicated. 

Purchase Order No, 

Manufacturer 

0.03 5 I t  Sheet 0.375 It Plat e 0.08211 Wire 

1. Heat No. 

Ingot Size 

Melting Method 
(Arc, Double Arc, EB, etc.) 

2. Finished Condition 
(Stress Relieved, Recrystallized) 

Finish Anneal 
(Time, Temp . Atmosphere) 
Last Reduction 
(% Red. in area) 

Condition Before Final 
Red. 

Pre-Reduction Anneal 

3 .  Tensile Properties 
(List or Attach) 

Room Temp. 0.2%Y.S. 

111 A 
U I I ,  . 
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Elevated Temp, 

OF 

O F  

OF 

Also indicate: 

0,2%Y,s* 

Ult . 
%El 

0 , 2;8Y , s. 
Ult . 
%El 

0,2;%y,s. 

Ult . 
%El 

Strain Rate, Specimen Size, Atmosphere, Gage Length, or Reference 
Test Procedure 

Other Mechanical Property Tests, List: 

40 Chemistry (Finished Product) 

What sampling technique was used? 

B-3 



5. 

6 .  

Sheet Tk* 

Typical Welding Parameters (Straight Polar i ty  T I G  and EB) 

1 \ r 
Shielding 
h s ( ? )  orvacuum Arc Gap Volts Speed Current 

(Amperes) 

~ ~ ~ 

Are there any unreal is t ic  or  compromising requirements i n  our Tentative 
Specification WANL which you f e e l  w i l l  e i ther  prejudice 
our resul ts  i n  evaluating o r  a r e  inconsistent with your ant ic i -  
pated applications f o r  t h i s  alloy? Please explain. 

7. Have you ta i lored your processing of this mater ia l  f o r  our program, i r e . ,  
f o r  improved weldability, thermal s t a b i l i t y  o r  duc t i l i ty ,  a t  the  expense of 
other properties such as t ens i l e  or  creep strength? Please explain. 

8.  Would you please at tach technical data or  l ist  references describing the 
e f fec ts  on properties of i n t e r s t i t i a l  l eve l  variations i n  . 

I 9. Would you please at tach any recommended metallographic procedures f o r  
which you have available.  

10 0 

I 

I 11 

Are there any special  cleaning and pickling procedures which you would 
recommend? 

If there  i s  any other information you f e e l  we should have f o r  our evaluation, 
please include it. 
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VII. APPENDIX D 

Reported Tensile Properties For 
Alloys Being Evaluated 
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